Introduction {#sec1_1}
============

Metastasis to an unusual site is much less frequent with non-small-cell lung carcinoma (NSCLC) and the incidence of metastasis to the breast is even lower \[[@B1], [@B2], [@B3]\]. Solitary metastasis to the breast from a lung carcinoma has never been reported before in Japan and only a few cases have been reported worldwide \[[@B2]\]. The precise diagnosis of breast metastasis from the lung is difficult due to its rarity. Herein, we present a case of solitary breast metastasis from a lung adenocarcinoma. The patient had been in the situation of complete response of NSCLC, therefore it was an important issue whether the mass of breast metastasis was primary or not. Pathological analysis with immunostaining was useful for a precise diagnosis \[[@B4]\]. Furthermore, the biopsy of the breast metastasis revealed the second mutation of resistance to gefitinib in the epidermal growth factor receptor (EGFR) gene (T790M). Satisfying improvement of the breast metastasis by the treatment with CBDCA + pemetrexed + bevacizumab and its following maintenance therapy was also observed.

Case Presentation {#sec1_2}
=================

A 57-year-old female Japanese patient was admitted to our hospital because of dyspnea. Her previous medical history was unremarkable; she was a housewife with no history of smoking or alcohol use. Positive physical examination revealed a blood pressure of 160/100 mm Hg, a heart rate of 100 beats/min, SpO2 92% (2 liter nasal cannula), right neck lymph node swelling and bibasilar crackle. Chest X-ray showed bilateral pleural effusions, consolidations in the right upper lung and dilated cardio thoracic ratio (**fig. [1a](#F1){ref-type="fig"}**). Chest CT of the upper lesions showed pleural effusions and swelled lymph nodes in mediastinum (fig. [1b](#F1){ref-type="fig"}). Chest CT of the lower lesions showed cardiac effusions which caused cardiac tamponade (fig. [1c](#F1){ref-type="fig"}). Abdominal CT showed multiple metastases in the liver. Cytopathological analysis of the pleural and cardiac effusions revealed that the patient suffered from a lung adenocarcinoma possessing a mutation of the EGFR gene (deletion of exon 19, fig. [1d](#F1){ref-type="fig"}). The clinical stage of the NSCLC was T2N3M1b (stage IV). Drainage of the pleural and cardiac effusions was performed and the patient was treated by first-line chemotherapy (Gefitinib 250 mg/body/day). No severe adverse events were observed. After 7 months, chest CT showed no pleural and cardiac effusion (fig. [1e](#F1){ref-type="fig"}). The liver metastases lesions had disappeared. Chest CT of the upper lesions showed that swelled lymph nodes in mediastinum had also disappeared (fig. [1f](#F1){ref-type="fig"}). The response was determined as complete response, but carcinoembryonic antigen (CEA) was gradually increasing and the patient complained of a right breast mass 12 months after the introduction of Gefitinib. Mammography showed calcifications in both mammae (fig. [1g](#F1){ref-type="fig"}). Chest CT of the breast lesions showed that the right swelled mammary mass was contrasted (fig. [1h](#F1){ref-type="fig"}). Chest CT showed no pleural and cardiac effusions, and the liver metastases lesions were not recurrent. Whole-body bone scintigraphy showed a high intensity in the right breast lesion (fig. [1i](#F1){ref-type="fig"}). Mammary ultrasonography showed an occupying lesion in the right breast and multiple swelled right axillary lymph nodes (fig. [1j, k](#F1){ref-type="fig"}). The left breast and axillary lymph nodes showed no abnormalities. Pathological analysis of the needle biopsy of the mass revealed it as an adenocarcinoma (**fig. [2a](#F2){ref-type="fig"}**). To clarify whether the breast mass was primary or not, additional immunohistochemical analysis was performed. Immunohistochemical analysis showed cytokeratin 7-positive (CK7+), CK20--, thyroid transcription factor 1-positive (TTF-1+), surfactant protein A-positive (SP-A+), Mucin 1-positive (MUC1+), MUC2--, gross cystic disease fluid protein-15-negative (GCDFP15--), estrogen receptor-negative (ER--), progesterone receptor-negative (PgR--) and human epidermal growth factor receptor type 2-negative (HER2--; fig. [2b--k](#F2){ref-type="fig"}), indicating that the primary origin of the mass was not the breast but the lung. Furthermore, we found the mutation of resistance to gefitinib, T790M, thanks to the biopsy of the breast metastasis. Taken together these results, the mass was due to recurrence and metastasis from the lung. Because the type of the mass was classified as an inflammatory breast tumor, we assumed that a surgical approach was difficult. With these considerations, we determined to treat the patient by second-line chemotherapy \[CBDCA + pemetrexed + bevacizumab (AUC 6 + 500 mg/m^2^ + 15 mg/kg)\] and its following maintenance chemotherapy (pemetrexed + bevacizumab). After 4 courses of CBDCA + pemetrexed + bevacizumab, mammary ultrasonography showed a decrease in the size of the tumor in the right breast and decreased multiple swelled right axillary lymph nodes (**fig. [3a, b](#F3){ref-type="fig"}**). Chest CT of the breast lesions showed that the right swelled mammary tumor was also decreasing (fig. [3c](#F3){ref-type="fig"}). The patient mentioned that the mass had disappeared. The effectiveness was determined as partial response. The patient underwent maintenance chemotherapy was undergone for 8 months after the induction of second-line chemotherapy and no evidence of worsening has been seen until today. The overview of the therapy and change of CEA is shown in **fig. [4](#F4){ref-type="fig"}**.

Discussion {#sec1_3}
==========

Worldwide, lung cancer is the most common malignancy and the leading cause of cancer death (1.6 million new cases per year and 1.378 million deaths, accroding to the International Agency for Research on Cancer). Adenocarcinoma accounts for 40% of all NSCLCs, and approximately 20% of all newly diagnosed lung adenocarcinomas present with distant metastases \[[@B5]\]. The most common sites of metastasis in decreasing order are: brain, bone, liver, and adrenal glands \[[@B5]\].

Initially, the breast has some resistance to metastasis from extramammary malignancy because it contains large areas of fibrosis tissue with a relatively poor blood supply. For this reason, breast metastases from extramammary malignancies are rare, accounting for only 0.4--1.3% of all breast malignancies \[[@B1], [@B2]\].

In the previous international literature, it has been reported that the most common sources of primary tumor metastasis to the breast in decreasing order are: hematological malignancies, malignant melanoma, lung carcinomas, gynecological malignancies, and gastrointestinal malignancies \[[@B1], [@B2], [@B6]\].

A review of the literature (1990--2011) showed approximately 30 NSCLCs as case reports or part of a series of secondary breast tumors \[[@B5]\]. Almost all cases were multiple organ metastases, and only 4 cases were solitary metastases to the breast \[[@B2]\]. Thirteen of the above cases were classified as adenocarcinomas. Other histological types of NSCLCs have also been reported. Radiologic findings of metastatic lesions from extramammary neoplasms showed that 70% of the cases were single lesions and about 20% were bilateral with multiple lesions \[[@B7]\]. The most frequent site of metastasis was reported to be the upper outer quadrant \[[@B7]\]. Our case was definitely suitable to these data. Unlike in primary breast tumors, in the majority of metastases there was no retraction of the skin or nipples \[[@B7]\].

Metastasis to the breast is considered to occur by two distinct routes: lymphatic and hematogenous. The features of the metastasis differ in each type. Regarding the radiographic appearance of hematogenous metastasis from extramammary malignancies, a solitary discrete lesion is more commonly reported than multiple or diffuse involvement. Lymphatic metastasis to the breast usually occurs across the anterior chest wall to the opposite breast. In our case, the appearance of the lymphatic metastasis type was indistinguishable from that of an inflammatory carcinoma. Our case showed both solitary and inflammatory appearances which are possessing features of both routes.

Because the treatment differs, it is essential to distinguish whether the breast mass is primary or not \[[@B4]\]. However, it is widely known that findings of mammography and ultrasonography are not useful to distinguish this \[[@B7]\]. The most useful tool is the histological and the following immunohistochemical diagnosis. When performing an immunohistochemical analysis, it is important to remember that no marker is 100% specific or sensitive. Thus, a combination of the immunostainings is recommended. Both immunostainings of CK7 and CK20 are useful to categorize carcinomas; however, differential cytokeratin staining generally does not distinguish breast from lung carcinomas as most adenocarcinomas from both sites are CK7--/CK20-- \[[@B4]\]. TTF-1 has been considered to be a useful marker to identify a tumor of thyroid and lung origin and it is expressed in about 80% of all lung adenocarcinomas. SP-A is also specific to the lung and expressed in approximately 45% of all lung adenocarcinomas. Other markers considered to be supportive in determining a breast origin are: ER (expressed in 80% of all breast carcinomas), GCDFP-15 (in 50%), PgR (in 60%) and HER2 (in 30%). TTF-1 expression in a tumor has traditionally been thought of as excluding the possibility of a breast origin \[[@B8]\]. However, there is one paper describing that TTF-1 expression is seen in a small proportion of breast carcinomas (2.4%, 13/546 cases) \[[@B8]\]. In our case, in combination with other markers, it was possible to make an relatively precise diagnosis.

In patients with NSCLC whose tumors possess an EGFR mutation, first-line tyrosine kinase inhibitor (TKI) therapy is recommended \[[@B9]\]. Multiple studies have shown that patients with NSCLC possessing an EGFR mutation have an approximately 70% RECIST (Response Evaluation Criteria in Solid Tumors) response rate to EGFR TKIs. However, patients with NSCLC possessing an EGFR mutation develop disease progression after a median of 10 to 14 months on TKI \[[@B10]\]. Unfortunately, no optimal therapy thereafter has yet been established. In our case, a biopsy ('re-biopsy') revealed the T790M mutation in the EGFR gene, which was widely known as a second mutation resistant to EGFR TKIs, such as gefitinib and erlotinib. The current standard practice is to switch to conventional cytotoxic chemotherapy. Because we discontinued TKI to switch to conventional cytotoxic chemotherapy, there was the possibility of accelerated progression (so-called 'flare') \[[@B11]\]. Fortunately, in our case, the switch from TKI to conventional cytotoxic chemotherapy happened smoothly and without 'flare'.

Nowadays, it is essential to make a re-biopsy after NSCLC has become resistant to TKIs, because it was reported that whether the secondary mutation is T790M or not is very important \[[@B10]\]. Several groups studying the molecular biology of acquired resistance have found that at least 50% the of cases are attributable to a secondary mutation (T790M) in exon 20 of EGFR. The presence of T790M defines a clinical subset with a relatively favorable prognosis and more indolent progression, making the T790M mutation one of the molecular biomarkers \[[@B12]\]. Therefore, the results of investigations regarding whether T790M affects survival have been highly anticipated.

Overall, metastasis to the breast has been associated with poor prognosis with most patients dying within 1 year after diagnosis \[[@B7]\]. It was reported that the median duration of survival from diagnosis of breast metastasis was 10 months (range 0.4--192.7). Patients who had surgery had a median survival duration of 15.5 months, whereas their cohorts who did not have surgery survived only for a median of 8.1 months \[[@B6]\]. In our case, a favorable prognosis was expected because of solitary metastasis and T790M secondary mutation \[[@B10]\].

We tried to treat our patient with second-line chemotherapy \[CBDCA + pemetrexed + bevacizumab (AUC 6 + 500 mg/m^2\ +^ 15 mg/kg)\] and its maintenance chemotherapy (pemetrexed + bevacizumab). Surgical treatment was also a possible therapy, but we decided to perform the chemotherapy after discussions with surgeons specialized in breast carcinomas, because the type of the breast tumor was inflammatory and there were also axillary lymph node swellings. The CBDCA+ pemetrexed +bevacizumab regimen is based on the AVAPERL trial and expected to be a new promising regimen (36th ESMO 2011) \[[@B13], [@B14]\]. A single-institution experience report showed that the regimen and its maintenance therapy is effective for advanced NSCLC, with a response rate of 52%, acceptable toxicity and promising early survival \[[@B15]\]. With this regimen, our patient achieved good PR and the breast mass disappeared.

Conclusions {#sec1_4}
===========

We reported a rare case of a patient with solitary breast metastasis from a lung adenocarcinoma which was effectively treated using CBDCA + pemetrexed + bevacizumab and its maintainance chemotherapy. Of note, according to our case, CBDCA + pemetrexed + bevacizumab and its maintenance chemotherapy is feasible and well tolerated for solitary breast metastasis from a lung adenocarcinoma which is resistant to gefitinib and possesses the secondary T790M mutation in the EGFR gene.
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![Pathological analysis of the needle biopsy. **a** Hematoxylin-eosin staining. Immunostaining of CK7 (**b**). CK20 (**c**), TTF-1 (**d**), SP-A (**e**), MUC1 (**f**), MUC2 (**g**), GCDFP15 (**h**), ER (**i**), PgR (**j**) and HER2 (**k**).](cro-0005-0546-g02){#F2}

![**a** Mammary ultrasonography of the right breast after second-line therapy. **b** Ultrasonography of the right axillary after second-line therapy. **c** Chest CT of the breast after second-line therapy.](cro-0005-0546-g03){#F3}
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